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Abstract: A long-term high quality precipitation database has been developed to assess the 
changing climate of Mexico during the instrumental period. Time-series with more than 
thirty years of information and less than ten percent of missing data were accepted for the 
extraction. Day to day data comparisons were made among the different constituent 
databases used in the development. The final network used in this study has 175 stations 
(168 in Mexico and 7 in the USA) with monthly rainfall from 1931 to 2001, i.e., 71 years of 
precipitation data. Oblique-rotated Principal Component Analysis (PCA) has been applied 
to the monthly dataset to regionalise groups of stations that vary coherently. Linear 
(Kendall’s tau-b) correlations have been applied to establish relationships between three 
different ENSO indices and the regional precipitation averages (resulting from PCA). A 
clear latitudinal transition is observed when the annual and rainy (May-Oct) seasons for the 
regional precipitation averages and derived extreme rainfall indices are correlated with the 
ENSO indices: wetter conditions are observed north of the Tropic of Cancer and below 
normal precipitation is dominant in the southern part of the country (during El Niño 
conditions). Meanwhile, a national climatic picture of wetter conditions is observed when 
standardised versions of the dry (Nov-Apr) season of the regional precipitation averages are 
correlated with the ENSO indices. 
 
Keywords: Mexico, instrumental, regional, patterns, precipitation, ENSO, 
climate. 
 
 
I. INTRODUCTION 
There are only a few studies of climate change/impacts in Mexico 
(Jauregui, 1997). The limited length and quality of the climatological records 
(Jauregui, 1992; Metcalfe, 1987), as well as the sparsity of the meteorological 
observations network (Englehart and Douglas, 2002; O’Hara and Metcalfe, 1995) 
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are some of the reasons for the few published papers. 
Several efforts have been made in Mexico to build a large network of 
climatological stations across the country. The oldest set of stations to measure 
meteorological variables began in 1921, when the Servicio Meteorológico de 
México (Meteorological Service) was created with 600 stations spread throughout 
the country (Metcalfe, 1987), that systematic observations really started. In 
Mexico, the Servicio Meteorológico Nacional maintain a network that has 
remained unchanged assuring relatively long records with minor variations 
(Easterling et al., 1999); but these data have only generally been kept in manuscript 
form. Since 1921, the records have been kept almost consistently (generally for the 
major Mexican cities) only interrupted during periods of economic crisis like in the 
1980s, and large catastrophic events such as the 1985 earthquake in Mexico City. 
These events have affected the continuity of these time-series making them of 
reduced length and potentially reduced quality (Jauregui, 1992).  
The advent of new computing technologies opened a number of 
opportunities in almost every research area; enabling the bulk of the instrumental 
data (meteorological variables) in Mexico to be digitised. These efforts effectively 
started in 1985 when the CLImat COMputing (CLICOM) initiative was 
established, as one of the projects of the World Climate Programme (WCP). Its 
objective is the maintenance and upgrading of automated Climate Database 
Management Systems (CDMSs) among the members of the World Meteorological 
Organization (WMO). Since then several projects to gather and digitise much of 
the meteorological Mexican data have been made. Some of the data have been 
released by the Mexican Institute of Water Technology (Instituto Mexicano de 
Tecnología del Agua, IMTA) through software with interfaces to access the raw 
data or to compute basic statistics (Quintas, 2001; Gonzalez, 1998). 
Nevertheless, until today the revised digital databases to construct the 
network of stations (used in this study) share, among others, three main limitations: 
little extensive quality control (QC) analyses, poor spatial coverage for some 
regions, and some of largest cities generally not included (as in the case of the 
paper copies stored in the central offices of the Mexican Meteorological Service) in 
the networks. Some authors have also noted several systematic errors in the 
databases that need some mathematical and statistical treatment before they can be 
utilised for climatic studies (Giddins et al., 2005; Englehart and Douglas, 2004; 
Englehart and Douglas, 2003). Sparsity of the climatological network within some 
of the most geographically inaccessible regions (northern and mountainous areas) 
in Mexico is another of the unwanted features of the digital datasets (Englehart and 
Douglas, 2002; O’Hara and Metcalfe, 1995). Finally, one disadvantage found in 
this study while extracting the stations, is that some of the oldest and largest cities 
and presumably with long-term records (like Tacubaya station in Mexico City) 
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were not included in the available digital databases. 
There is a real necessity to gather information from developing countries to 
complete the picture of global climate variations (New et al., 2006; Vose et al., 
2005). It is only recently that more extensive climatic information from these 
regions has been added to the global databases. Among these developing countries, 
some are of great interest for climatologists: countries, for example, that lie at the 
transition between tropical and extra-tropical climatic conditions. Mexico is one of 
those countries that encompass a rich variety of climatic regions within its territory. 
Amongst the most important of the large-scale atmospheric controls 
(ITCZ, and Easterlies in summer, Westerlies during winter, etc.), the El Niño-
Southern Oscillation (ENSO) phenomenon plays a key role in the climate of 
Mexico. Its impact on rainfall has been extensively studied at both regional 
(Magaña et al., 2003; Englehart and Douglas, 2002; Giannini et al., 2001; Cavazos, 
1999; Magaña et al., 1997; Cavazos and Hastenrath, 1990) and local scales 
(Alexander et al., 2006; Aguilar et al., 2005).  
The relationships between ENSO and the Mexican climate variability are 
not yet well understood. The Southern Oscillation tends to exert a modulating 
influence on the Mexican precipitation throughout the year with two contrasting 
responses; extra-tropical conditions for the Northern Hemisphere dry season (Nov-
Apr) and a tropical response in the boreal summer rainy (May-Oct) period 
(Cavazos and Hastenrath, 1990). Wetter conditions are observed in the northern 
part of Mexico, while drier conditions prevail in the southern half of the country 
during El Niño years (Magaña et al., 2003). Although, as in the 1997-1998 ENSO 
event, precipitation could vary considerably in comparison to established patterns 
from previous events (Magaña et al., 1999).  
One of the most consistent El Niño-like climatic responses is observed 
during the boreal winter season (DJF). Above normal precipitation is experienced 
across the United States Gulf (of Mexico) coast, northern Mexico, Texas and the 
Caribbean Islands (Díaz and Kiladis, 1992); meanwhile during the same season 
decreasing rainfall occurs in the Isthmus of Tehuantepec. A larger geographical 
modulation can be perceived during the summer season. Precipitation deficits 
(relative to the average) occur nationwide during the June, July and August (JJA) 
period (Trenberth and Caron, 2000). In contrast, during the opposite phase of the 
ENSO phenomenon, La Niña, widespread wetter conditions are dominant 
throughout the tropical regions; for these same ocean-atmospheric conditions, 
summer precipitation returns to their normals or even exceeds this threshold. 
Overall, the ENSO phenomenon is the most important factor that modulates the 
precipitation in Mexico (Magaña et al., 2003). 
Among the atmospheric conditions observed during El Niño years are: 
southward displacement of the Inter Tropical Convergence Zone (ITCZ) (Yulaeva 
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and Wallace, 1994), strengthening of subsidence over the north of Mexico, a 
reinforcing process of the subtropical jet, and the same process also occurs with the 
midlatitude westerlies (Magaña et al., 2003). Other characteristics seen during the 
warm phase of the Southern Oscillation Index (SOI) include: southward 
displacement of low pressure systems, below normal storminess in the north-
western United States and more stormy weather conditions for the south-western 
USA (Dettinger et al., 2001), including the North American Monsoon Region 
(NAMR).  
Not so many efforts have been made to build long-term, spatial extensive, 
digital meteorological databases in developing countries. For its climatic transition 
is essential for Mexico to build a large digital meteorological network. 
Furthermore, because it is the most important influence in the variability of the 
precipitation, ENSO was selected as the long-scale atmospheric control to be 
evaluated in relation with the Mexican rainfall. 
 
II. DATA AND METHODS 
This section explains the extraction of the different climatological 
databases and the methods used to evaluate the impact of the ENSO on the 
Mexican precipitation.  The transformation from daily to monthly precipitation 
data and the quality analysis of that rainfall database are explained first. The 
selection of the different ENSO time-series used in this analysis is considered in 
the second place. We continue with the description of the main techniques of the 
PCA chosen to extract groups of rainfall stations that vary simultaneously across 
time; Standardised Anomaly Indices (SAI) are addressed in order to calculate 
regional time-series of the clusters obtained by PCA. Finally, the advantages of 
using Kendall tau-b as the tool to linearly correlate the Mexican rainfall and ENSO 
are explained at the end of this section. 
 
II.1. Precipitation Databases and Quality Control 
Among the digitised data considered (because of their digital accessibility and 
length) are: 
 DAT322©.This software was prepared by the Mexican Institute of Water 
Technology (Instituto Mexicano de Tecnología del Agua, IMTA) to 
manage the 322 meteorological stations with the longest time series.  
 ERIC©. This software was also prepared by IMTA (the 1999 version was 
used in this research), and contains daily precipitation and temperature data 
among other variables. Most of the stations have information from 1960 to 
1995.   
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 CLICOM. Another source of data is the CLImat COMputing Project 
(CLICOM) of the World Meteorological Organization (WMO). It 
incorporates digital daily data for almost all the stations considered by 
DAT322 and ERIC, but some of them have been updated until 2002 
inclusive. Like DAT322 this database does not include sufficient 
information for the largest, and most of the times oldest, cities in Mexico.  
 GASIR (Gerencia de Aguas Superficiales e Ingeniería de Ríos) was 
developed by the office of Dams operation and river engineering of the 
National Water Commission (Comisión Nacional del Agua, CNA).  They 
received daily precipitation data from many stations located across the 
country. Unfortunately, they only have digital information available from 
1989 to 2001, so this database was used mainly to complete many recent 
gaps. 
Having enough information is not a sufficient condition for climatic 
studies. It is essential to assure the quality of the data extracted. That is why a 
procedure was designed to compare and complete the data for every station to be 
included in our database. Basically, it could be described as follows: every station 
in DAT322 having thirty or more years of information was compared with the 
other different sources and missing values were filled when possible. Then, from 
the daily data ready, monthly values (accumulated precipitation) were computed 
and basic statistics were calculated. The maximum number of daily missing values 
allowed for a month was set to four, otherwise the month was considered as 
missing. With these statistics it was also possible to identify (for instance, in 
comparison with known climatological normals) suspicious values, at the daily and 
monthly timescales.  
After all this information was processed, only a limited number (93 
stations) of daily data stations were considered as being long enough, resulting, as 
already pointed out by several authors, in the sparsity of the meteorological 
observations network (O’ Hara and Metcalfe, 1995; Englehart and Douglas, 2003). 
So, another source was used. Such a database is a monthly precipitation collection 
from 1931 to 1989; it was prepared by Carlos Espinosa Cruishank (specialist in 
Hydraulics) in the Servicio Meteorológico Nacional (SMN, Mexican 
Meteorological Office). Hence, a triple checking process was made with every time 
series: among Espinosa’s monthly data, climatological monthly figures by García 
(2004), and the data processed (from DAT322, CLICOM, ERIC, and GASIR) in 
this study. 
The final network consists of a set of 175 stations having monthly 
precipitation, 168 are Mexican and 7 are southern USA stations, with good spatial 
coverage. The US stations were added to improve coverage near to the border 
where Mexican data were sparse. The length of every time series is of 71 years, 
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starting in 1931 and ending in 2001. The maximum percentage of missing values 
was restricted to 10%.  
One of the most typical measures utilised to explore the impacts of ENSO, 
is the Southern Oscillation Index (SOI). The SO is strongly associated with El Niño 
(EN), in the sense that the cold phase is now called La Niña, while the warm phase 
is frequently termed as El Niño, although their association is not always present. 
Nevertheless, the phenomenon is now universally referred as El Niño Southern 
Oscillation or ENSO (Ropelewski and Halpert, 1996). The most extensively SO 
index recently used, because its correlation consistency, is the difference in sea 
level pressures between Tahiti and Darwin. In this research we are going to use the 
index defined by Ropelewski and Jones (1987).  
The Niño 3.4 (5° N - 5° S, 120°- 170° W) index is today identified through 
Sea Surface Temperature (SST) anomalies centred approximately in the eastern 
half of the equatorial Pacific towards the west near the date line. This index has 
proved to have the strongest link with ENSO-related impacts during the last 
decades (Barnston and Chelliah, 1997). For the purposes of this research the 
standardised version of the Niño 3.4 index has been selected and extracted from the 
Climate Diagnostics Center (CDC). 
Another option to explore the ENSO influence in a broader way (in the 
Mexican climate change context) is the Multivariate ENSO Index (MEI). The MEI 
is a more complete climatic measure when compared with the other ENSO indices 
available. The index is computed as a weighted average of six different variables 
over the tropical Pacific, these parameters are: sea-level pressure (P), zonal (U) and 
meridional (V) surface winds, sea surface temperature (S), surface air temperature 
(A), and total cloudiness fraction of the sky (C). More details about the index 
calculations can be found in Wolter (1987) and Wolter and Timlin (1993). Positive 
MEI values are linked to warm ENSO periods (El Niño), while negative values to 
cold periods of ENSO (La Niña). As this index is said to perform better for large-
scale correlations (http://www.cdc.noaa.gov/people/klaus.wolter/MEI/table.html) 
and not necessarily at regional scales, MEI has been selected to check the 
consistency in the results with those of the SOI and Niño 3.4 indices. 
 
II.2. Principal Component Analysis. 
There are only a few studies in which PCA has been applied to the climate 
of México. Amongst the many meteorological variables, precipitation has been 
more consistently explored using PCA (Comrie and Glenn, 1998; Englehart and 
Douglas, 2002; Bravo et al., 2012) than temperature (Englehart and Douglas, 
2004). This condition has been slowly changing for both parameters since the 
release of digital databases in the early 1990s. Still, for rainfall the studies lack the 
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best possible (in terms of completeness and homogeneity) coverage at both the 
temporal or spatial scale.  
In performing PCA across the Mexican network, the objective was to find 
different groups of stations that are varying coherently through time. The amplitude 
of a particular PC (associated to a region) will incorporate all these stations.  
Unrotated solution techniques, as pointed by Richman (1986) are only 
suitable for application to those cases when weak simple structures are present and 
the PCs extracted have both positive and negative correlations throughout the field 
of study; unrotated techniques were explicitly disregarded in the present research 
as being useful for the final interpretations. VARIMAX (orthogonal rotated) has 
been extensively used in climatological studies; oblique (non-orthogonal) rotated 
solutions represented an alternative answer to unrotated and orthogonal solutions in 
PCA. In atmospheric sciences, oblique rotations are sometimes preferred to 
orthogonal solutions for their advantages in the interpretation of the results 
(Englehart and Douglas, 2002). PROMAX permits clearer results in meteorology 
when a network with a large number of stations and high complexity are found 
(Richman, 1986). Therefore, one orthogonal (VARIMAX) and one oblique 
solution (PROMAX with kappa=2) were selected as suitable options to explore the 
complex climatic variability conditions of México. 
It is known within PCA, and to be more specific in the simple structure 
rotation theory, that S-mode helps in regionalisation purposes. S-mode is only one 
of six different matrix configurations, in which the stations are the columns versus 
time that are the rows in the array (Richman, 1986). In order to cope with 
contrasting climatic conditions in México: wet regimes in some south-eastern areas 
(total annual precipitation ≈ 4000 mm) and desert conditions in some regions of the 
north (total annual precipitation is sometimes less than 300 mm), the correlation 
instead of the covariance matrix has been used (Joliffe, 2002). Another reason to 
prefer correlation matrices is that covariance matrices are often chosen because of 
their easier interpretation for statistical inference, but given that the purpose of this 
regionalisation is purely descriptive as a preparation for further analyses, that 
advantage is not an important factor for this study. 
As this research has the aim of regionalisation of Mexico but in contrasting 
climatic conditions, an obvious question arises: How many regions are sufficient to 
precisely describe the Mexican climate? This discussion leads to the determination 
of the number of components to be retained. There is no consensus about the best 
method for determining the most significant number of principal components 
(Peres-Neto et al., 2005; Al-Kandari et al., 2005). Because of the size and 
complexities of the datasets, a PCA graphical tool called the Scree Test is used in 
this study. The component numbers are the abscissa in the plot and their 
corresponding eigenvalues the ordinates. The plot is seen as a mountain in which 
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the slope is formed by the "true number" of factors containing most of the variance, 
and the foot by the random components. The aim is to find the last evident break 
before the variance between components becomes negligible (Cattell, 1966). The 
scree test plot is used to determine the number of components above the noise 
level. 
The determination of the number of PCs and therefore of climatic regions 
in Mexico has also required a careful classification, i.e., to assign each one of the 
stations to only one of the resulting regions. To comply with this requirement a 
strict rule was set of only accepting absolute loadings greater than 0.4. (White et 
al., 1991). So, according to this condition, the largest value in the loadings (or 
primary pattern) matrix clearly defines its corresponding component and 
consequently the region to which the station belongs. With the same classification 
purpose in mind, the ‘eigenvalue one’ criterion was applied (Mather, 1976), i.e. 
only eigenvalues greater than 1.0 were considered for the extraction. The reason 
behind this is that, when normalised, each variable has an intrinsic variance equal 
to unity, every eigenvalue less than one should then be discarded, and not 
considered worthy to be in the analysis. Finally, because the missing values total 
was restricted to less than ten per cent for every station in the network and replaced 
with the long-term mean, the election of pairwise or listwise deletion has no 
influence on the final results. 
 
II.3. Calculation of Regional Averages 
We also have calculated a regional average based on the stations of a 
particular region defined by PCA. When calculating regional averages we want the 
dominant time-series features of the sites to remain. Also, we are trying to avoid 
local factors like topography. We use the approach suggested by Jones and Hulme 
(1996) to compute regional averages. Among the different indices proposed in this 
study, the Standardised Anomaly Index (SAI) has been selected, to be consistent 
with the extracted ENSO indices. It is important to notice that for the regional 
averages, the seasonal definitions applied are the total annual precipitation, wet 
(May-Oct) and dry (Nov-Apr) seasons. These time series will also be used in our 
ENSO-related research. 
 
II.4. Analysis of linear correlations 
Frequently, the task of scientists is to establish relationships between two 
or more variables. Single correlation measures the linear relationship between two 
variables (Field, 2005). The most widely method used to evaluate linear 
correlations is the Pearson product-moment correlation coefficient. Although a 
linear correlation coefficient can often give an approximate idea of the strength of 
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the relation between the two variables under study, it has a limited resistance and 
robustness, and also lacks reliability in the determination of the level of 
significance. Rank (or non-parametric) correlation coefficients can overcome these 
limitations; normally distributed data is also not a condition for these techniques. 
Kendall's tau deals better (than Spearman's) with small datasets and a large number 
of tied ranks (Haylock, 2005); this is the non-parametric correlation coefficient that 
will be used to test the strength of the relationships and level of significance 
between two variables in this research. The coefficient ranges between -1 (ranks 
increasing separately) and +1 (ranks increasing together). The main advantages of 
Kendall's tau-b are that the distribution has slightly better statistical properties and 
also being defined in terms of probability of concordant and discordant pairs of 
observation, this non-parametric correlation coefficient leads to a direct 
interpretation of the results (Chrichton, 2001). 
 
III. RESULTS AND DISCUSSION 
III.1. PCA Application  
Considering the total annual precipitation (mm) in Mexico (Figure 1), a 
climatic bridge can clearly be seen between wet conditions in the southern part of 
the country and drier northern conditions. The tropic of Cancer can be roughly 
considered as the limit of such a transition. In the southern region, tropical climatic 
conditions prevail all year around, and precipitation is mostly convective in nature 
during the boreal summer, while in the north convection partly accounts for the 
total amount of precipitation, while monsoon conditions prevail in the north-
western part of the country during July, August and September (Higgins et al., 
1997, Douglas et al., 1993). Several factors other than convective activity have an 
influence on Mexican precipitation, including hurricanes, orography, polar fronts, 
etc. Total annual rainfall was also considered as one of the temporal resolutions to 
be studied using PCA along with the wet (May-Oct) and dry (Nov-Apr) seasons.   
MARCO A. SALAS-FLORES, PHIL D. JONES 
38 
 
Fig. 1 Distribution of the total annual precipitation [mm] in Mexico. Map based in the 175 
stations network of monthly rainfall. 
 
Replacing monthly missing values with long-term means for every station 
should not significantly affect the following results. The database is expressed as 
the ratio of the precipitation of each station to its long-term mean (the average for 
the base period), for purposes of regionalisation when applying PCA.  
It is useful the identification -among the network of climatological 
stations- of the differences and/or similarities in the climatic patterns across the 
country. Are the changes occurring in only one geographical region or are these 
fluctuations of a particular distinctive nature across regions? If the latter is so, we 
could also ask: are the changes occurring gradually or abruptly? Therefore, the 
objective is to determine different sets of stations that vary coherently through 
time. To reach this target PCA was used.  
 
III.1.1. PCA Regionalisation on total annual precipitation 
 
Eigenvalues of the total annual precipitation for components between 10 
and 11 in Figure 2 are showing only a small decrease, after the 11th component the 
ratio of variation with the next component becomes almost imperceptible. A nearly 
flat slope can be observed in the graph, so their contributions are not more 
important to the communality of the variables. The first 11 components contribute 
with 58.2% of the total variance. Therefore, there was no reason to consider more 
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modes of variation and 11 is the selected number of components analysed for the 
annual total precipitation. 
 
    
Fig. 2 Determination of the number of regions (components) considered in the analysis of 
the annual precipitation using the scree test plot (Cattell, 1966) and the cliff analogy 
(Wuensch, 2005). 
 
When analysing climatological data with PCA for regionalisation 
purposes, the results from different rotation techniques have subtle differences. For 
total annual precipitation, the resulting regions show (Figure 3) great consistency 
between varimax (orthogonal) and promax (oblique) solutions, and also strongly 
correspond with known Mexican climatic regions (García et al., 1990, García, 
2004). Promax (kappa=2) yields clearer results than varimax, as can be observed in 
the Mexican Monsoon Region (RA11 in Table  Ι), where the oblique solution leads 
to a better grouping of the stations, omitting two stations near the Pacific coast 
identified by the orthogonal solution. This is also clear in some parts of northeast 
México (Northeast, RA3 in Table  Ι), where again promax (k=2) has delineated more 
efficiently the clusters across the north-eastern part of the country north of the 
Tropic of Cancer. 
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Fig. 3 Principal component analysis (regionalisation) of a network of 175 stations with 
annual precipitation totals (1931-2001) using two different solutions: varimax (a) and 
promax with kappa=2 (b) 
 
Overall, apart from slight differences, a clear regionalisation of the annual 
precipitation emerges as a product of the Principal Component Analysis, regardless 
of the rotation technique applied. The regions developed for annual precipitation 
totals are listed in Table  Ι.  
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Table  1 Total annual precipitation PCA resulting regions identified according to the known 
Mexican climatology (García, 2004) 
 
 
 
The eleven groups depict a congruent picture of how the stations have been 
varying coherently across time, and could be clearly differentiated from each other 
accordingly. Therefore, each group can be identified with one specific climatic 
region and their main geographic characteristics in terms of precipitation variations 
(see Table 1). Rotated PCA solutions, especially oblique methods have succeeded in 
regionalising the Mexican climatic conditions for annual precipitation totals.  
 
III.1.2. PCA Regionalisation on wet season (May-Oct) precipitation 
 
Most of the precipitation occurs during what has been termed the wet 
season (May-Oct), for this reason it is expected that PCA results for total annual 
precipitation will agree closely to those of the rainy season. Conditions for the PCA 
differ only in that rainfall totals for wet season are only accumulated from May to 
October. We begin the PCA defining the number of components for 
regionalisation. For this purpose, we have applied the scree test plot to wet season 
Component Associated region Climatic characteristics
Region one (RA1) Central Mexican Highlands
Trends in summer, monsoon from the Pacific, 
summer rainfall, two temperature maxima
Region two (RA2) Gulf of Mexico coast
Trends in summer, hurricanes in summer and 
autumn, polar fronts in winter, two temperature 
maxima.
Region three (RA3) Northeast
Trends in summer, polar fronts in winter, 
hurricanes in summer and autumn, one 
temperature maximum.
Region four (RA4) Desertic north, New Mexico and Texas
Little moisture sources, arid regions, one 
temperature maximum
Region one (RA5) Humid south Baja California
Summer monsoon, hurricanes y summer and 
autumn.
Region six (RA6) North Baja California
Westerlies, winter precipitation, one temperature 
maximum.
Region seven (RA7) La Huasteca
Summer precipitation, hurricanes in summer and 
autumn, polar fronts.
Region eight (RA8) Desertic south Baja California Westerlies, one temperature maximum
Region nine (RA9) Southeast rainforest
InterTropical Convergence Zone (ITCZ), 
southeastern trades, hurricanes in summer and 
autumn, two temperature maxima.
Region ten (RA10) South Pacific coast
InterTropical Convergence Zone (ITCZ), 
southeastern trades, hurricanes in summer and 
autumn, low winter precipitation, two temperature 
maxima.
Region eleven (RA11) Mexican Monsoon
Summer rainfalll, westerlies, hurricanes in summer 
and autumn, one temperature maximum.
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(May-Oct) precipitation, we observe a small variation between the eigenvalues of 
the 11th and 12th components (-0.05); these first 11 components contribute with 
57.9% of the total variance. A nearly flat slope is seen after this point. Therefore, 
we will consider 11 modes of variation (regions) to study the spatial pattern of the 
wet season (May-Oct) precipitation.  
A strong agreement can be observed between wet season and annual 
precipitation results (see Figures 3 and 4). The distribution is geographically 
coincident but a bit different in the order of the components. The Mexican 
Monsoon Region has disappeared with the rainy (May-Oct) season analysis. In the 
same sense, groups not observed when the PCA was applied to the annual 
precipitation, the Nayarit State region (stations close to the Pacific coast) has 
emerged here [some studies (Mitchell et al., 2002; Higgins et al., 1997; Douglas et 
al., 1993) have pointed this region out as the most southern fringe of the Mexican 
Monsoon Region]. Some stations classified during the PCA with annual rainfall 
(like the couple appearing in Arizona State RA9, or those in RA11) have not been, 
however, grouped in the May-Oct rainfall analysis. 
The strong coincidence found when annual total precipitation and wet 
season solutions of PCA are compared can also be seen between the orthogonal 
and oblique rotated results. Nevertheless, as has been noticed for annual rainfall, 
the promax (k=2) technique is in general more efficient in showing clearer clusters 
than varimax. The different resulting regions of applying PCA to the wet season 
are shown in Table  Ι Ι. Promax has better delineated RW2, RW3 and RW5 when 
contrasted with the orthogonal (Varimax) solution.  The Gulf of Mexico climatic 
group (RW2 in Table  Ι Ι) in the case of promax (k=2) is less extended geographically 
to Central Mexico. In terms of clarity of the clusters, the Northeast (RW3) and 
humid Baja California (RW5) regions share one characteristic: both have one odd 
station when analysed with the varimax rotation. In the former group the odd 
station is located in the state of Coahuila [in which according to the García et al. 
(1990) regionalisation is a climatic transition from arid to semiarid conditions] 
while in the latter the additional station was placed (Varimax solution) in the 
Mexican Monsoon Region instead of the Baja California peninsula as is the case 
for promax (k=2). 
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Fig. 4 Principal component analysis (regionalisation) on a network of 175 stations with wet 
season (May-Oct) precipitation (1931-2001) using two different solutions: varimax (a) and 
promax with kappa=2 (b). 
  
The few former PCA regionalisations in Mexico have mainly been made 
for the summer season (Englehart and Douglas, 2001; Comrie and Glenn, 1998). 
The results of the present research, however, are closer to the regionalisation made 
by Giddins et al. (2005) in terms of the seasonality defined as wet and dry seasons 
for the May to October and November to April periods. Our resulting regions are 
also closer to those delineated by García et al. (1990), and also with the clusters 
proposed by Comrie and Glenn (1998), but unfortunately the latter study does not 
consider the whole country, as only the northern part of the country was used to 
define regions based on PCA. Because of the effort dedicated to developing the 
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network, our research can only be compared with the research of Englehart and 
Douglas (2002) who use a dataset of long-term time-series of approximately 70 
years covering practically the entire country. 
 
Table 2 Wet season precipitation PCA resulting regions identified according to the known 
Mexican climatology (García, 2004) 
 
 
The regionalisation performed for the annual and the wet season has 
helped us to determine some key features such as highlighting the importance of 
altitude, for instance the Transverse Neo-Volcanic Belt (RW6 in Table  Ι Ι) during the 
May to October (wet) season regionalisation. The importance of some large-scale 
atmospheric controls in some regions of the north of the country, such as the 
Mexican Monsoon Region (Douglas et al., 1993) that only appears in the annual 
season and not during the wet season, could be related to the effect of winter 
precipitation in the region. In the same north-western region but in the Baja 
Component Associated region Climatic characteristics
Region one (RW1) Central Mexican Highlands
Trades in summer, monsoon from the Pacific, 
summer rainfall, two temperature maxima
Region two (RW2) Gulf of Mexico coast
Trades in summer, hurricanes in summer and 
autumn, polar fronts in winter, two 
temperature maxima.
Region three (RW3) Northeast
Trades in summer, polar fronts in winter, 
hurricanes in summer and autumn, one 
temperature maximum.
Region four (RW4) Desertic north, New Mexico and Texas
Few moisture sources, arid regions, one 
temperature maximum
Region five (RW5) Humid south Baja California
Summer monsoon, hurricanes y summer and 
autumn.
Region six (RW6) Transverse Neovolcanic Belt
Summer precipitation, Pacific monsoon, high 
altitude sites, two temperature maxima.
Region seven (RW7) South Pacific coast
InterTropical Convergence Zone (ITCZ), 
southeastern trades, hurricanes in summer and 
autumn, low winter precipitation, two 
temperature maxima.
Region eight (RW8) Desertic south Baja California Westerlies, one temperature maximum
Region nine (RW9) North Baja California
Westerlies, winter precipitation, one 
temperature maximum.
Region ten (RW10) Nayarit state
Summer rainfall, Pacific monsoon, hurricanes in 
summer and autumn.
Region eleven (RW11) Southeast rainforest
InterTropical Convergence Zone (ITCZ), 
southeastern trades, hurricanes in summer and 
autumn, two temperature maxima.
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Californian peninsula, three very well defined regions (from the southern tip to the 
northern border) are extracted in our analysis, and were not delineated (because of 
the lack of sufficient stations) in this area for the other studies (Englehart and 
Douglas, 2004; Englehart and Douglas, 2002); and probably because of the 
hurricane influence no PCA region is found in the Yucatán peninsula for the annual 
and wet seasons. So far, Promax (k=2) has proved to be the most suitable technique 
to extract the best results across Mexico using PCA. 
 
III.1.3. PCA Regionalisation on dry season (Nov-Apr) precipitation 
 
As a natural consequence of having defined the period May to October as 
the wet season, the rest of the year (climatologically speaking), i.e., the months 
from November to April are considered the dry season. Most of the country then 
experiences relatively scarce rainfall totals through this time-interval. Only in the 
region north of the Peninsula of Baja California do precipitation totals exceed fifty 
per cent of the annual rainfall totals during this season. For some regions, the small 
amounts of precipitation (in the arid areas) during the Nov-Oct period have a larger 
impact than during the wet season even if the ratios of the precipitation with 
respect to their long-term means are used. Despite these potential problems, we 
utilised the same methods and approaches to regionalise the dry season. 
 
The number of components selected is a key feature of the PCA, and this is 
especially true when this technique is used for regionalisation. A nearly horizontal 
line is seen after the 10th component when the scree test is applied. These first 10 
components account for 69.2% of the total variance, the change in eigenvalues with 
respect to the 11th component is approximately -0.134. Based on this small 
variation, ten different regions (almost the same number as in the cases of annual 
totals and wet season) are considered to study the spatial pattern of the dry season 
(Nov-Apr) precipitation. 
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Fig. 5 Principal component analysis (regionalisation) of a network of 175 stations with dry 
season (Nov-Apr) precipitation (1931-2001) using two different solutions: varimax (a) and 
promax with kappa=2 (b). 
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Regions for the dry season in Table ΙΙΙ show a different spatial structure 
(Figure 5) when compared with the annual and wet season analyses. First of all, 
components reflect a larger spatial coverage for the dry season. Clear 
regionalisation can be observed either for orthogonal (varimax) or oblique (promax 
k=2) solutions, when we apply PCA to the dry season. Nevertheless, because of the 
complexity of the database that has been analysed, clearer results are obtained with 
promax (k=2), in terms of the clusters of stations for the different groups. Reduced 
regions and omission of the odd classified stations (like in the first PCs: regions 
RD1, RD2, RD3 and RD4) are two discernible characteristics of using promax 
(k=2). Overall, dry season regions depict a markedly different structure when 
compared with the annual and wet season PCA results. These resulting regions 
support the conclusion that the wet season is the most important period for the 
annual precipitation in most of the country. However, PCA results on the dry 
season suggest that precipitation totals during this period are not ignorable 
(Cavazos, 1997; Jauregui, 1997), and should be take into account for future studies 
of Mexican climatic patterns. 
 
Table 3 Dry season precipitation PCA resulting regions identified according to the known 
Mexican climatology (García, 2004). 
 
 
Component Associated region Climatic characteristics
Region one (RD1) Central Mexican Highlands
Trades in summer, monsoon from the Pacific, 
summer rainfall, two temperature maxima
Region two (RD2) Northwest, Arizona and Texas
Subtropical high pressures, westerlies, one 
temperature maximum.
Region three (RD3) Northeast
Trades in summer, polar fronts in winter, 
hurricanes in summer and autumn, one 
temperature maximum.
Region four (RD4) Gulf of Mexico coast
Trades in summer, hurricanes in summer and 
autumn, polar fronts in winter, two 
temperature maxima.
Region nine (RD5) North Baja California
Westerlies, winter precipitation, one 
temperature maximum.
Region six (RD6) Transverse Neovolcanic Belt
Summer precipitation, Pacific monsoon, high 
altitude sites, two temperature maxima.
Region seven (RD7) Yucatán peninsula
East and Northeast trades, hurricanes during 
summer and autumn, polar fronts in winter, 
summer rainfall with considerables percetages 
of winter precipitation, two temperature 
maxima.
Region eight (RD8) La Huasteca
Summer precipitation, hurricanes in summer 
and autumn, polar fronts.
Region nine (RD9) Humid South Pacific
Westerlies, winter precipitation, one 
temperature maximum.
Region ten (RD10) Southeast rainforest
InterTropical Convergence Zone (ITCZ), 
southeastern trades, hurricanes in summer and 
autumn, two temperature maxima.
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III.2. THE ENSO MODULATION. 
 
Several large-scale atmospheric controls modulate the climate of the 
country; among these teleconnections, the El Niño-Southern Oscillation exerts an 
important influence over the fluctuations of precipitation.  
Each time series is expressed in their standardised versions in order to 
explicitly avoid (as much as possible) external influences in the analysis, like 
altitude. The regional series of precipitation extend from 1931 to 2001, i.e., they 
use 71 years of instrumental data. Meanwhile, the three ENSO indices have 
different periods of record: SOI starts on 1866 and finishes in 2004, the Niño 3.4 
index and MEI periods are shorter and extend from 1950 to 2004. Therefore, for 
this study, they differ in their starting year but coincide in 2001 as the final year of 
instrumental precipitation data. The main objective when using three different 
standardised indices of ENSO is to test the consistency of the results with the 
regional precipitation series. 
 
III.2.1. The SOI index 
 
The SOI is the only index with the possibility of correlating with the 
regional precipitation series using the full potential of the dataset (1931 to 2001). 
Firstly, we will start with a description of the regions with the most significant 
(statistically speaking) results (Figure 6), and at the same time extract the most 
important climatic patterns associated with these correlations. We have classified 
the results from positive/negative correlations and separated their levels of 
statistical significance at either the 5 or 1% level. 
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Fig. 6.  Linear correlations (Kendall tau-b) between the standardised versions of the 
precipitation regional averages and the Southern Oscillation Index (SOI). Red numbers 
represent positive and blue numbers negative correlations. * means statistical significant at 
5% level and ** at 1% level. 
 
One of the regions with the most consistent climatic patterns (being partly 
modulated) by the El Niño phenomenon is the northern area of the Baja Californian 
Peninsula (Magaña et al., 2003). In this region, regardless of season, all the 
statistically significant correlations are negative (for negative anomalies of SOI the 
regional precipitation is positive, i.e., above normal precipitation during El Niño 
years). Most of the correlations are statistically significant at the 1% level. This 
climatic pattern is consistent across all the seasonal (annual, wet and dry) time 
series for regional precipitation averages. Negative correlations are also observed 
within the North American Monsoon – also called the Mexican Monsoon (Douglas 
et al., 1993) – Region (NAMR). All these correlations are better than the 1% level 
of statistically significance, and the seasonality shows that they are mainly present 
during the dry season (Nov-Apr). It is worth pointing out that in the north-western 
part of Mexico, winter precipitation has a large influence (in percentage terms) on 
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the annual rainfall totals (Giddings et al., 2005; Mechoso et al., 2004, Mosiño and 
García, 1974).  
Some of the correlations between the regional precipitation and the annual 
SOI are better than the 1% level of statistical significance: positive correlations are 
observed for the annual total rainfall in the southern Pacific, particularly the south-
eastern rainforest -RA9- and the Michoacán state regions -RW7- (negative annual 
SOI or El Niño-like conditions are associated to less than normal precipitation). 
The same climatic pattern of positive correlations (also statistically significant at 
the 1% level) is replicated during the May-Oct (wet) season for the south-eastern 
rainforest region -RW11- [Figure 6 b) and d)].  
A consistent climatic pattern is observed across all the regions having the 
greatest correlations and statistically significant results: there is a clear latitudinal 
transition from north to south across Mexico (Cavazos and Hastenrath, 1990). It is 
interesting to note that this climatic pattern of the most statistically significant 
correlations is slightly concentrated geographically along the Pacific coast of 
Mexico. The North Pacific regions within the northern Baja California peninsula 
(RA6) and the NAMR (RA11) respond during the dry season with above normal 
precipitation during El Niño-like conditions, and dry regimes are seen for the same 
regions during La Niña [Figure 6 c) and f)]. Meanwhile, the regions along the 
southern Pacific coast are associated with positive correlations, i.e., reduced 
rainfall (referred to their long-term means) during the El Niño phase. 
Among all the statistically significant results, the greatest correlation 
(+0.46, better than the 1% of statistical significance) is seen for the La Huasteca 
(see RA7 in Table Ι) region [Figure 6 f)]. This is the only significant result for this 
region, and is observed when the time-series of the rainfall dry season (Nov-Apr) is 
correlated to the wet season (May-Oct) of SOI. Therefore, dry conditions are to be 
expected from November to April under the May to October period of El Niño-like 
conditions for La Huasteca region. Negative correlations (precipitation above 
normal, during El Niño) at better than the 1% of statistical significance are 
observed within the north-western part of Mexico, especially for the rainfall dry 
season combinations [Figure 6 c), f) and g)]. It is well documented (Mosiño and 
García, 1974) that boreal winter precipitation is very important -in terms of the 
annual totals- for this region. This climatic pattern can be clearly noted in both the 
Mexican Monsoon and the northern Baja Californian regions during the November 
to April (dry season) period. 
The Trans Mexican Volcanic Belt (TMVB or Neovolcanic axis, RW6 in 
Table  ΙΙ) region is also affected during the dry rainfall season. Most of the stations in 
this region are located at high altitudes. The precipitation within this region is 
strongly influenced - among other geographical factors - by polar fronts (Jauregui, 
1997) during the Northern Hemisphere winter. Negative correlations (precipitation 
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below normal under El Nino like years) are observed, in this region of high altitude 
stations, relating the dry rainfall season to both the annual and wet seasons of SOI. 
All these results are statistically significant at the 5% level. 
When analysing the regions with the most significant correlations, it was 
mentioned that, for the annual totals and wet season for precipitation (see Figure 
6), a latitudinal response of the climate of Mexico can be observed during El Niño 
conditions: wetter patterns for the northern part of the country and drier conditions 
in the south, and that they are mainly concentrated geographically along the Pacific 
coast (Englehart and Douglas, 2001). The clearest latitudinal climatic transition is 
found when the Annual SAI (precipitation regional averages) is correlated to the 
Annual SOI [Figure 6 a)] time-series (Ropelewsky and Jones, 1987). Quite similar, 
but less clear is the climatic picture when we observe the relationships between wet 
(May-Oct) SAI (Standardised Anomaly Index) and the annual SOI [Figure 6 b)].  
A similar analysis to the latitudinal climatic features can be applied when 
searching for coastal or continental climatic patterns related to the most 
(statistically) significant results. Seasonality also plays an important role in the 
relationships, with annual and wet (May-Oct) seasons for the SOI indices having 
the clearest results. The greatest correlations are strongly linked to the annual SOI 
[Figure 6 a), b) and c)]. Utilising either the annual or wet season (May-Oct) 
versions of the SAI, the results exhibit a clear coastal pattern, especially along the 
Pacific coast, probably with SST as a modulator (Giannini et al., 2001). These are 
the same combinations that have the best results for the latitudinal climatic 
transition. The largest correlations are found for the annual compared with the wet 
season (May-Oct) SOI. Two regions appear consistently with statistically 
significant correlations: the Northern part of the Baja Californian peninsula (RA6) 
and the south-eastern regions (RA9). No continental/coastal climatic pattern is 
found when using the dry season (Nov-Apr) SOI for correlations [Figure 6 e) and 
g)]. 
Of all the seven possible combinations (see Figure 6), it is the annual SOI 
[Figure 6 a), b) and c)] that best modulates the rainfall in Mexico, i.e., showing the 
largest and statistically significant correlations. A latitudinal climatic transition can 
be easily observed in the maps that relate the annual SOI with both the annual and 
wet season (May-Oct) SAI, especially when the annual SOI is correlated to annual 
SAI  (standardised regional averages), with greater correlations than when 
combining with wet season (May-Oct) SAI. The responses of the dry season (Nov-
Apr) SAI (regional precipitation) to the annual SOI show a nationally widespread 
pattern of negative correlations (wetter conditions during El Niño-like years). The 
Yucatan Peninsula region (RD7 in Table ΙΙΙ) is the most interesting result here, 
although it does not have the largest correlation. It seems that the highly variable 
amount of rainfall during the hurricane season has a greater influence than the rest 
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of the year. Wet (May-Oct) and dry (Nov-Apr) seasons SAI have two very 
different responses to the wet season (May-Oct) SOI. An almost nationally 
widespread pattern of positive correlations (drier conditions during El Niño phase) 
can be observed for the wet season (May-Oct) SOI, except for some regions along 
the Gulf of Mexico, especially for the La Huasteca region (RA7 in Table  Ι), that has 
the largest correlation (with annual SOI) of all the seasonal combinations. Lastly, 
when the impact of the dry season (Nov-Apr) SOI is considered, an almost national 
coverage of negative correlations (wetter conditions during El Niño) can be 
perceived, the strongest relationships are present within the north-western part of 
the country especially the North American Monsoon (RA11) and the North Baja 
California (RA6) regions. Meanwhile, no clear climatic pattern is observed when 
the dry season (Nov-Apr) SAI and wet season (May-Oct) SOI are correlated 
[Figure 6 f)]. 
 
III.2.2. El Niño 3.4 Index 
 
The length of the Niño 3.4 index is shorter (1950-2001) than the time-
series of the regional precipitation (1931-2001), reducing the potentiality of 
generating a broader picture of the rainfall variability (in terms of time scale) as 
with the case of the Southern Oscillation Index (SOI).  
With the exception of those correlations close to zero, a clear latitudinal 
climatic transition can be appreciated when correlating the annual version of the 
regional precipitation averages and the annual Niño 3.4 [Figure 7 a)]. Negative 
correlations are found south of the selected geographic limit (Tropic of Cancer), 
and all these results are statistically significant at the 5% level. Positive 
correlations are observed north of this divide; and they are statistically significant 
at the 1% level. Therefore, drier conditions are dominant during El-Niño like years 
in the southern part of Mexico, and annual precipitation totals above normal are 
found in the northern part of the country, geographically concentrated within the 
Baja California peninsula. 
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Fig.. 7  Linear correlations (Kendall tau-b) between the standardised versions of the 
regional precipitation averages and the Niño 3.4 index. Red numbers represent positive and 
blue numbers negative correlations. * means statistical significant at 5% level and ** at 1% 
level. 
 
With the exception of the Neovolcanic Belt region (RW6 in Table  ΙΙ) that 
breaks the climatic picture [Figure 7 b)], a combined pattern of 
continental/peninsula and latitudinal transitions can be observed for the wet season 
rainfall averages. In the first case, negative correlations are found over the Mexican 
mainland; all the statistically significant correlations are concentrated south of the 
Tropic of Cancer. Positive correlations are located within the Baja California 
peninsula, but no significant results are observed here. Disregarding the close to 
zero correlations a latitudinal climatic transition is found when correlating wet 
season regional precipitation (Standardised Anomaly Index, SAI) and annual Niño 
3.4 [Figure 7 b)]. Drier conditions dominate south of the Tropic of Cancer for El 
Niño-like years. 
An almost national widespread pattern of positive correlation is found 
when correlating dry season SAI of rainfall and the annual version of Niño 3.4. 
Statistically significant results are concentrated from central to northern Mexico 
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[Figure 7 c)]. It is interesting to observe that, the north-eastern part of the country 
is clearly responding during the winter to the annual Niño 3.4 modulation that was 
not seen for the annual and wet seasons. Perhaps the fact that polar fronts could 
extend as far as southern Mexico is affecting the rainfall amount during this season 
(Giddings et al., 2005). Nevertheless, the largest correlation is found in the 
Neovolcanic Axis region (RD6 in Table ΙΙΙ), an area of high altitude sites that is 
certainly influencing the results. A clear climatic pattern of wetter conditions 
during the El Niño phase is observed almost nationally for the dry season (Nov-
Oct) regional averages. 
A continental factor is evident when we correlate wet season (May-Oct) 
regional SAIs and the wet season version of Niño 3.4 indices. A homogeneous 
picture of negative correlations is found across mainland Mexico [Figure 7 d)], 
while positive correlations are prevalent within the Baja California peninsula. A 
pattern of southwards increasing negative correlations is found for the continental 
part of the country. Meanwhile, the positive correlations increase northwards, 
reaching the highest correlation in the northern part of the Baja California 
Peninsula (RA6). Nevertheless, the largest correlations are negative and located 
south of the Tropic of Cancer; therefore, drier conditions are dominant during (wet 
season) El Niño years for the southern part of Mexico. 
The main characteristic when correlating the wet season (May-Oct) version 
of the regional precipitation averages and the dry season (Nov-Apr) Niño 3.4 is that 
no statistically significant results are found [Figure 7 e)]. It can be said, however, 
that drier conditions are observed in mainland Mexico, while above normal 
precipitation totals are found within the Baja California peninsula during El Niño-
like years. 
A national climatic pattern is clear when correlating the dry season (Nov-
Apr) version of the regional precipitation series and the wet season (May-Oct) 
Niño 3.4 index [Figure 7 f)]. Disregarding the negative correlation (nearly zero 
correlation is observed in this region) in the Los Tuxtlas region (RD4 in Table ΙΙΙ), 
positive correlations are prevalent across most of Mexico. So, wetter conditions are 
observed during El Niño-like years, for this combination. The largest correlations 
among all the results are found in the north-western part of Mexico, the area where 
winter precipitation has a strong influence on the annual totals (Mosiño and García, 
1974). However, the Mexican central highlands (RD1 in Table ΙΙΙ), a region with 
stations of high altitude is the only region showing a statistically significant result 
at the 1% level compared with the northern counterparts. Only the Oaxaca region 
on the South Pacific coast (RD9 in Table ΙΙΙ) has another significant correlation 
south of the Tropic of Cancer. It seems that there is a wet season (May-Oct) Pacific 
Ocean modulation of the winter precipitation during El Niño conditions.  
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Positive correlations are observed in most of the country, when correlating 
the dry season (Nov-Apr) SAI (Standardised anomaly indices) of regional 
precipitation and the dry season version of El Niño 3.4 index [Figure 7 g)]. As in 
the other combinations the highest correlations are consistently observed in the 
north-western part of the country: the North American Monsoon (Mexican 
Monsoon) and the northern Baja California peninsula regions (RA11 and RA6 in 
Table Ι). Although not statistical significant the Yucatan Peninsula region (RD7 in 
Table Ι) appears with a clear correlation, in the hurricane-free (Nov-Apr or dry) 
season, pointing to the importance that the disruption of the normal climatic 
patterns have for some of the times extraordinary precipitation totals associated 
with tropical cyclones (Englehart and Douglas, 2002). Another important climatic 
feature is that most of the stations with significant correlations are linked with the 
Pacific Coast. Wetter conditions are to be expected for the regional precipitation 
averages during El Niño phase for the dry season (Nov-Apr). The most evident 
characteristic of the application of linear correlation (Kendall's tau-b) between the 
standardised versions of the regional precipitation averages and El Niño 3.4 index 
is the strong influence of seasonality in the results. The most statistically 
significant correlations are observed during the annual and the wet (May-Oct) 
precipitation seasons: drier conditions are observed during the El Niño phase for 
the southern (considering the Tropic of Cancer as a geographic limit) part of 
Mexico, when correlating with the annual and wet season (May-Oct) Niño 3.4 
indices. This latitudinal climatic transition is also accompanied with a 
continental/peninsula pattern; defining continental as the mainland (the non-coastal 
territory), and the peninsula of Baja California. Wetter conditions for the north 
(peninsula) and the clear climatic picture of drier conditions for the southern part 
(continental) of Mexico are observed. Regional rainfall averages for the dry season 
(Nov-Apr) show precipitation above normal across almost the entire country during 
El Niño-like years.  
Changing the spatial scale to a wider geographical scale, we can clearly see 
some consistency across the results. Among the positive correlations (wetter 
conditions), two regions appear frequently: North Baja California (near the 
Mexico-USA border, RA6 in Table Ι), and the Mexican Monsoon Region (or North 
American Monsoon, RA11 in Table Ι); both in the north-western part of Mexico, 
areas strongly influenced by a winter pattern of precipitation and the Pacific Ocean. 
Meanwhile, the South-eastern rainforest, the Southern Pacific and the Nayarit 
Coast regions (RW11, RW7 and RW10 in Table IΙ) show the highest consistency 
among the negative correlations, leading to precipitation below normal during the 
El Niño phase. 
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III.2.3. The MEI Index 
 
The last El Niño index to be linearly correlated (using Kendall’s tau-b) to 
the regional precipitation averages is the Multivariate ENSO Index (MEI). Taking 
the Tropic of Cancer as a geographical limit, a clear latitudinal transition could be 
observed when correlating the annual versions of SAI and MEI. Positive 
correlations are found in northern Mexico, while negative correlations prevail in 
the southern part of the country [Figure 8 a)]. The highest correlation values are 
concentrated within the Baja California Peninsula. This climatic pattern has been 
consistent across the other combinations of regional averages and ENSO indices: 
the greatest correlations are positive, and can be seen in the northern part of the 
peninsula. These results are mostly better than the 1% level of statistical 
significance. Negative correlations are located along the southern Pacific coast. 
These correlations are statistically significant at the 5% level. Nevertheless, there is 
an evident geographic pattern (along the Pacific Ocean) of the annual total rainfall 
in a clear transitional climatic pattern; during El Niño years the annual regional 
precipitation totals are above their normal for the northern part of the country, 
especially in the peninsula of Baja California; while drier conditions are observed 
for the southern Pacific coast.  
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Fig. 8 Linear correlations (Kendall tau-b) between the standardised versions of the regional 
precipitation averages and the Multivariate El Niño Index (MEI). Red numbers represent 
positive and blue numbers negative correlations. * means statistical significant at 5% level 
and ** at 1% level. 
 
Closely replicating the former results the correlation between the wet 
season (May-Oct) SAI and the annual MEI shows a differential climatic pattern: 
negative correlations south of the Tropic of Cancer and positive north of this 
geographical limit [Figure 8 b)]. Wetter conditions are experienced during El Niño 
years for the northern half of Mexico and below normal precipitations are dominant 
during the same phase of ENSO for the southern part of the country. The only 
region that breaks this clear climatic pattern is the Neovolcanic Belt region (RW6 
in Table ΙI), but its correlation is close to zero. It is clear that all the stations with 
statistically significant correlations (these results are better than the 1% level of 
statistical significance) are concentrated along the Pacific Ocean coast suggesting a 
strong modulation of the summer regional precipitation by ENSO.  
Positive correlations prevail all over the country when correlating dry 
season (Nov-Apr) SAI and Annual MEI [Figure 8 c)]; this is one of the clearest 
climatic patterns across all the combinations of the rainfall extreme indices and 
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MEI. Statistically significant correlations are concentrated from central to northern 
Mexico. Let us recall that, during winter polar fronts heavily influence the 
temperature and rainfall of the northern part of Mexico (Cavazos, 1997). This can 
be easily seen as the highest correlations are found in the northern Baja California 
peninsula and the high altitude Neovolcanic Belt region (RW8 and RW6 in Table 
ΙΙ). Precipitations above their normals are observed during the boreal winter in 
northern Mexico during El Niño years. 
Drier conditions are observed in the southern part of Mexico, and wetter 
climatic regimes for the Baja California peninsula during El Niño phase. Positive 
correlations are dominant when we correlate the wet season (May-Oct) SAI and 
wet season MEI north of the Tropic of Cancer [Figure 8 d)], especially in the Baja 
Californian peninsula where the greatest correlation (better than the 1% level of 
statistical significance) is found within the northern part of the peninsula. 
Meanwhile, negative correlations prevail along the southern coast of the Pacific 
Ocean. Two areas break this precipitation pattern, the Neovolcanic Belt and the 
central northern part of Mexico (RW6 and RW4 in Table ΙΙ), although, both 
regions show near zero correlations, so they can easily be disregarded as affecting 
the whole climatic picture described above. 
Although there is a clear differentiation between continental and coastal 
climatic patterns, no statistically significant correlations are observed when 
correlating wet season (May-Oct) SAI and dry season (Nov-Apr) MEI. Wetter 
conditions (positive correlations) are found in mainland Mexico, while below 
normal precipitation (negative correlations) is evident within the Baja Californian 
peninsula, during El Niño phase [Figure 8 e)]. 
The climatic pattern of almost nationally widespread positive correlations 
when correlating dry season (Nov-Apr) SAI and wet season (May-Oct) MEI 
[Figure 8 f)] is quite similar to the former relating dry season (Nov-Apr) SAI and 
annual MEI [Figure 8 c)]. Nevertheless, there are a couple of regions that break this 
climatic picture: Los Tuxtlas and the southeast rainforest regions (RD4 and RD10 
in Table ΙΙΙ). The largest correlations are found in the north-western part of the 
country (RD2 and RD5 in Table ΙΙΙ), a very well known region affected by winter 
rainfall patterns. It is also the first time that we have found a statistically significant 
result for the Yucatán peninsula (RD7 in Table ΙΙΙ). Precipitation above normal is 
dominant across most of Mexico for the dry rainfall season when El Niño phase is 
present during the wet season (May-Oct).  
A clear national pattern of positive correlations is found when dry season 
(Nov-Apr) SAI and dry season (Nov-Apr) MEI are correlated [Figure 8 g)]. In fact, 
the greatest correlation (+0.43) is found at the northern Baja Californian peninsula 
(RD5) and close to this result is the correlation for the Mexican Monsoon Region 
(+0.38) (RA11), both correlations are statistically significant at the 1% level. A 
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strong phase of El Niño phenomenon must reinforce the atmospheric conditions 
that makes the winter precipitation an important part of the annual precipitation 
totals (Giddings et al., 2005; Mechoso et al., 2004). It is during this season that we 
see the regional precipitation fully responding to the dry season (Nov-Apr) ENSO 
modulation across the Yucatan peninsula (RD7). It is possible that the nearly 
chaotic hurricane-associated rainfall can strongly affect the precipitation patterns 
during the other seasons (annual and wet seasons), implying that this region is 
unlikely to be climatically coherent with its neighbouring regions. The 
Neovolcanic Belt and the Mexican central Highlands regions (RD6 and RD1) are 
clearly modulated by ENSO during the dry season (Nov-Apr). High altitude 
stations and polar fronts during winter, can possibly explained the significant 
correlations in these areas (Metcalfe et al., 2000). 
A latitudinal climatic transition is observed for the annual and wet season 
(May-Oct) SAIs (Standardised Anomaly Indices) during El Niño phase. Wetter 
conditions are found for the northern part of Mexico, with below normal 
precipitation evident for the southern part of the country. A nationally widespread 
pattern of wetter conditions dominates the Dry Season (Nov-Apr) SAIs 
combinations. Both geographical climatic pictures are observed regardless of the 
season of the MEIs.  
 
IV. CONCLUSIONS 
A network of stations with high-quality and long-term instrumental data of 
precipitation has been developed to study recent climatic changes in Mexico. The 
monthly database consists of 175 stations of rainfall data spanning 1931 to 2001. 
The construction of the meteorological network used in the present study has been 
a difficult and time-consuming task. The extraction of the data was based on the 
advent of several efforts (since the early 1990s) to digitise the instrumental records 
of Mexico. Therefore, having more information among the possible meteorological 
variables to be analysed, daily totals of precipitation was the main objective of the 
extraction. In order to fulfil this purpose five different sources of data were used, 
and a process of cross-checking applied among the databases.  
Mexico is a territory with a complex climatic picture. Many factors 
(natural and anthropogenic) contribute to modulate the climate of the country. 
Principal Component Analysis (PCA) was chosen to isolate groups of stations that 
vary coherently across time. This method was applied to both, seasonal and annual 
rainfall totals to define the different climatic regions across the country. 
In most of the Mexican territory, the largest percent of the annual total 
precipitation occurs during the May to October period (Mosiño and García, 1974; 
Hastenrath, 1967). Therefore, the analysis for precipitation was divided into three 
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parts: annual precipitation, wet (May-Oct) and dry (Nov-Apr) seasons. Due to their 
clearer results PCA rotated solutions were selected over the unrotated solutions. 
Varimax and Promax (kappa=2) were used to regionalise the precipitation patterns 
across the country. Both techniques basically lead to the same results.  
Successful regionalisations were found using PCA for rainfall regardless of 
the season considered. Very similar regions were found for the annual total 
precipitation and the wet season, basically one replicating the results of the other, 
but a different climatic picture is evident for the dry season (Nov-Apr). 
Nevertheless several interesting differences appear amongst the different seasonal 
resulting PCA regions. 
The North American Monsoon -or Mexican Monsoon- Region (NAMR) 
and La Huasteca (see Table I) are two regions that only appear for the PCA 
regionalisation of annual total rainfall. Although the greatest component of 
precipitation falls during the summer months, the NAMR (Ropelewski et al., 2004; 
Arritt et al., 2000; Barlow et al., 1998; Stensrud et al., 1997; Higgins et al., 1997; 
Douglas et al., 1993) can only be extracted by applying PCA to the annual 
precipitation. This limitation can be linked to the greater importance that winter 
precipitation (Giddings et al., 2005; Mechoso et al., 2004) has for the NAMR, 
especially in the north-western part of Mexico. The other region that only appears 
during the annual rainfall regionalisation is La Huasteca. Here, winter precipitation 
also plays a key role in the annual precipitation; polar fronts can reach these 
latitudes during the winter, and when combined with the moisture from the Gulf of 
Mexico, can enhance the precipitation during this season (Cavazos, 1997). These 
atmospheric (winter) processes rarely occur within the large inner area protected by 
the two mountain ranges barriers of the rest of Mexico. 
Two regions are distinctive when applying PCA regionalisation to wet 
season time series of rainfall. The Nayarit coast region can be considered as the 
southern limit of the NAMR. Significant amounts of moisture from the Pacific 
Ocean directly affect the summer precipitation in this area. Nevertheless, it is 
unlikely that cold fronts can penetrate this far south as is the case for the northern 
part of the NAMR during the winter season and, therefore, can only be extracted 
during the wet season. The other group of stations that only appear from the PCA 
results from the wet season (May-Oct) is the Neovolcanic Belt region (Demant and 
Robin, 1975). Although explicitly avoided by using standardised time series 
(Comrie and Glenn, 1998), the influence of altitude plays a key role in this area; 
capturing the humidity of the convection processes (widely characteristic in 
Mexico) during the warm Season (Mosiño and García, 1974). 
Perhaps, because its rainfall patterns are not affected by the large-scale 
convection processes characteristic of the summer period, the dry season (Nov-
Apr) shows three different regions that do not appear during the annual 
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precipitation or wet season periods. In fact, there can be a fourth region, if we also 
add the NAMR as a region that is impacted by winter precipitation, as discussed 
earlier. The NAMR can be climatically linked to the North Baja California 
Peninsula and defined as a region in which the annual total precipitation is strongly 
affected by the cold air masses of the winter season. The other two groups of 
stations only found applying PCA to the dry season (Nov-Apr) time series are the 
south-eastern and the Yucatán Peninsula regions. Both regions are profoundly 
affected by hurricanes during the warm and wet (May-Oct) season. Therefore, their 
climatic patterns can be completely disrupted by tropical cyclones, in comparison 
with their neighbouring stations (Englehart and Douglas, 2002). 
Although wet season (May-Oct) rainfall contributes with the largest 
percent of the annual total precipitation, it is the dry season (Nov-Apr) that really 
helps to identify the large-scale atmospheric processes that are controlling the 
rainfall patterns in Mexico. For instance, by contrasting the different results by 
season, we can conclude that more research is needed for several atmospheric 
phenomena that are controlling the climate of Mexico, and that have not been 
extensively explored such as: altitude, hurricanes or polar fronts.  
The second analysis of this study tried to relate the rainfall variations in 
Mexico with the El Niño Southern Oscillation phenomenon. Using instrumental 
data, linear (Kendall’s tau-b) correlations have been calculated to explore the 
modulation of ENSO on recent climatic changes in Mexico. Linear correlations of 
the seasonal SAIs (Standardised Anomaly Index) and the ENSO indices (SOI, Niño 
3.4 and MEI) show consistency across the results. A clear latitudinal transition can 
be observed when the annual and wet season SAIs and annual and (May-Oct) 
ENSO indices are correlated. Wetter conditions are found north of the Tropic of 
Cancer, while below normal precipitation is evident in southern regions. More 
extended geographically are the results when the dry season (Nov-Apr) SAIs and 
dry season ENSO indices are combined: an almost national climatic pattern of 
wetter conditions prevails this time. Regardless of these seasonal variations, the 
regions with the most consistent results (largest correlations) are mainly found in 
the north-western area: the North American Monsoon (or Mexican Monsoon) 
region and Northern Baja California peninsula. It is important to point out that 
these regions are strongly affected by winter rainfall patterns contrasting with the 
climatic patterns of rest of the country. 
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